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LOW-SPEED WIND-TUNNEL TESTS OF I/g-SCALE MODEL OF 

A VARIABLE-SWEEP SUPERSONIC CRUISE AIRCRAFT 

H.  Clyde McLemore, Lysle  P. P a r l e t t ,  
and W i l l i a m  G. Sewall  

Langley Research Center 

SUMMARY 

Low-speed tes ts  have been conducted i n  the Langley f u l l - s c a l e  tunne l  
t o  determine the  f o r c e  and moment character is t ics  of a 1/9-scale  model of  a 
variable-sweep supe r son ic  c r u i s e  a i rcraf t .  

The model, w i t h  o r  without  f l a p s  d e f l e c t e d ,  had a pitch-up characterist ic 
i n  the moderate t o  high angle-of-at tack range. The pitch-up appeared t o  be 
caused mainly by the wing strake; d e f l e c t i n g  t h e  whole s t r a k e  i n  inc idence  o r  
modifying the  l ead ing  edge of t h e  s t r a k e  by drooping it o r  by adding a s la t  
provided a small improvement i n  l o n g i t u d i n a l  s t a b i l i t y .  The s l a t t e d - s t r a k e  

. landing or  take-off conf igu ra t ion  w i t h  T - t a i l  provided l o n g i t u d i n a l  s t a b i l i t y  
t o  angles  of attack of  1 2 O  t o  15O. Above t h e s e  ang le s  of a t tack the  T-tail  
r e s u l t e d  i n  a severe  pitch-up. I n  g e n e r a l ,  the complete model had good lateral  
and d i r e c t i o n a l  s t a b i l i t y  characterist ics t o  about  15O angle  o f  a t tack,  a f t e r  
which the  s t a b i l i t y  d e t e r i o r a t e d  r a p i d l y  w i t h  i nc reas ing  ang le  of  a t t a c k  and 
i n s t a b i l i t y  occurred near  maximum l i f t .  

INTRODUCTION 

The p r e s e n t  s tudy is  p a r t  of an o v e r a l l  e f f o r t  by the  Nat iona l  Aeronaut ics  
and Space Adminis t ra t ion t o  provide the  technology base f o r  the development of  
supersonic  c r u i s e  v e h i c l e s .  The conf igu ra t ion  concept which is t h e  s u b j e c t  of 
t h i s  paper is a d e r i v a t i v e  of one s tud ied  i n  the Nat iona l  SST (supersonic  
t r a n s p o r t )  program (refs .  1 and 21, and traces its a n c e s t r y  t o  t h e  SCAT 16 con
f i g u r a t i o n  of  t h e  SCAT ( supe r son ic  commercial a i r  t r a n s p o r t )  s t u d i e s  ( r e f .  3 ) .  
A s  s tud ied  i n  t h e  SST program, t h e  concept e x h i b i t e d  one of  the  h i g h e s t  r a t i o s  
of payload t o  g r o s s  weight of a l l  those  submit ted f o r  eva lua t ion .  

The dominant f e a t u r e  o f  t h e  conf igu ra t ion  is t h e  nonin tegra ted  va r i ab le -
sweep wing. The variable-sweep f e a t u r e  was u t i l i z e d  t o  provide high l e v e l s  of 
low-speed l i f t ,  good subsonic  f l i g h t  e f f i c i e n c y ,  and good supersonic  c r u i s e  
e f f i c i e n c y  wi th  a r e l a t i v e l y  small h ighly  loaded wing which would involve  less 
s t r u c t u r a l  des ign  u n c e r t a i n t y  than would t h e  l i g h t l y  loaded large wings of com
p e t  i n g  concepts  . 

The nonin tegra ted  variable-sweep concept w a s  abandoned dur ing  i ts  develop
ment p r i m a r i l y  because. of a c o n f l i c t  between l o n g i t u d i n a l  s t a b i l i t y  cri teria 
t h a t  e x i s t e d  a t  t h a t  t i m e  and because of  effects of  t h e  engine exhaus t  on t h e  



h o r i z o n t a l  t a i l .  Placement o f  t h e  h o r i z o n t a l  t a i l  i n  a h igh ,  or T - t a i l ,  posi
t i o n  would have e l imina ted  adverse thermal and a c o u s t i c  e f f e c t s ' o f  t h e  j e t  on 
the  t a i l  and would have prevented a v e n t u r i l i k e  suckdown of  the  h o r i z o n t a l  t a i l  
as the  exhaust  j e t  streamed between it  and the  ground during take-off  r o t a t i o n ,  
both of  which were problems f o r  a low- ta i l  con f igu ra t ion .  However, a T - t a i l  
was g e n e r a l l y  known t o  produce a deep s t a l l  problem as t h e . t a i l  dropped i n t o  
the  wake of  t he  s ta l led  wing and became i n e f f e c t i v e .  Because "stick-pusher" 
or a t t i t u d e - l i m i t i n g  systems,  which are dependent upon a t t i t u d e  and p i t c h - r a t e  
s ens ing ,  were no t  considered pe rmis s ib l e  a t  t h a t  t i m e  i n  commercial a i rcraf t ,  
t h e  c o n t r a c t o r  conducting the  SST s tudy  u l t i m a t e l y  took the  a l t e r n a t e  r o u t e  o f  
i n t e g r a t i n g  the  wing and h o r i z o n t a l  t a i l  and suspending the  engine n a c e l l e s  
from the  la t te r  before  abandoning t h e  variable-sweep approach a l t o g e t h e r .  
S ince  t h a t  t i m e ,  developments i n  s t a b i l i t y  cr i ter ia  and i n  a e r o e l e c t r o n i c  tech
nology and an increased  emphasis on CCV (cont ro l -conf igured  v e h i c l e s )  have 
opened t h e  pa th  t o  s e r i o u s  s tudy  of  a T - t a i l  s o l u t i o n  t o  t h e  problems of the  
variable-sweep SST. 

The purposes  o f  t h e  s u b j e c t  tests were ( 1 )  t o  e s t a b l i s h  a comprehensive 
mat r ix  of  aerodynamic data from which the  development o f  accep tab le  ope ra t ing  
procedures  i n  t h e  c r i t i c a l  low-speed regime could be  explored ,  and t h u s  take 
advantage of  new cr i ter ia  and develop propuls ion  and a e r o e l e c t r o n i c  technolo
gies and ( 2 )  t o  explore  means o f  a l l e v i a t i n g  those  aerodynamic characterist ics 
of  t h e  conf igu ra t ion  t h a t  most adverse ly  affect  i n t e r d i s c i p l i n a r y  trades. One 
of t he  problems a s soc ia t ed  w i t h  conf igu ra t ions  similar t o  the t e s t  model is 
pitch-up a t  moderate ang le s  of  at tack. T h i s  problem i s  s tud ied  i n  some d e t a i l  
and means of  a l l e v i a t i n g  the  pitch-up are d i scussed .  

The p resen t  i n v e s t i g a t i o n  cons i s t ed  o f  low-speed wind-tunnel tes ts  t o  
determine the  s t a t i c  l o n g i t u d i n a l ,  l a t e ra l ,  and d i r e c t i o n a l  s t a b i l i t y  charac
ter is t ics  of  a 1/9-scale  model of  a variable-sweep supersonic  c r u i s e  a i rc raf t .  
The tes ts  were' conducted i n  t h e  Langley f u l l - s c a l e  tunne l  a t  Reynolds numbers 
from 3.92 X 106 t o  5.95 X IO6 (corresponding t o  test  v e l o c i t i e s  ofrom about 
54.5 knots  t o  81.7 k n o t s ) ,  ang le s  of  a t tack from about  -5O t o  36 , and ang le s  
of s i d e s l i p  from -5O t o  IOo. The model v a r i a b l e s  were f l a p ,  s l a t ,  strake,  
strake leading-edge dev ices ,  sweep a n g l e ,  l ow- ta i l  and T - t a i l  arrangements,  and 
s t r a i g h t  and drooped fuse l age  noses.  

SYMBOLS 

The data are r e f e r r e d  t o  the  s t a b i l i t y  system of axes .  (See f ig .  1.) 
The o r i g i n  of the  axes corresponds t o  the  model c e n t e r  of  g r a v i t y  which is a t  
50 percent  of  t h e  mean aerodynamic chord o f  t h e  72O swept-wing conf igu ra t ion .  
(See f i g  2 . )  

b re ference  w i n g  span (A = 72O) , 3-34 m 

Drag 
CD drag c o e f f i c i e n t ,  

qS 
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CL 


C,B 

Cm 

Cn 

c"6 

CY 


6 f ,  te 

L i f t  
l i f t  c o e f f i c i e n t ,  

ro11ing-momen t c o e f f i c i e n t  , Rol l ing  moment 

qSb 

rate o f  change C, wi th  6 f o r  = 50 t o  - 5 O  

Pi t ch ing  moment 
p i t c h  ing-moment c o e f f i c i e n t  , 

qsc' 

Yawing moment 
yawing-moment c o e f f i c i e n t ,  

qSb 

rate of  change o f  Cn wi th  6 f o r  6 = 5 O  t o  -50 

Side  f o r c e
s ide- force  c o e f f i c i e n t ,  

q s  

rate of  change o f  Cy wi th  B f o r  B = 5 O  t o  -50 


wing chord, m 


r e fe rence  mean aerodynamic chord ( A  = 72O), 2.03 m 


s t r a k e  inc idence  ang le ,  deg (nose-down, n e g a t i v e ]  


h o r i z o n t a l - t a i l  inc idence  ang le ,  deg (nose-up, p o s i t i v e )  


lift-drag r a t i o  

free-stream dynamic p r e s s u r e ,  P a  

w i n g  r e f e rence  area ( A  = 72O), 5.77 m2 

free-stream v e l o c i t y ,  m/sec 

body r e fe rence  axes ( f ig .  1 )  

angle  of  a t t a c k ,  deg 

ang le  of  s i d e s l i p ,  deg 

f l a p  d e f l e c t i o n ,  deg 
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& , l e  s t r a k e  leading-edge d e f l e c t i o n ,  deg 

A wing leading-edge sweep ang le ,  deg 

Abbreviat ions:  

H.R.L. h o r i z o n t a l  r e fe rence  l i n e  

L.E. l ead ing  edge 

T.E.  t ra i l ing edge 

MODEL 

Drawings of  t h e  1/9-scale model are shown i n  f i g u r e s  2 ,  3 ,  4 ,  and 5, and 
a d d i t i o n a l  dimensional c h a r a c t e r i s t i c s  are g iven  i n  table I. Photographs of  
t h e  1/9-scale model mounted f o r  tests i n  t h e  Langley f u l l - s c a l e  tunne l  and o f  
a 1/135-scale model (1/15-scale  of larger model) mounted i n  a 1/15-scale model 
of t h e  f u l l - s c a l e  tunne l  are presented  as f i g u r e s  6 ,  7 ,  and 8. The 1/9-scale  
model was cons t ruc t ed  of  wood and f ibe r  glass  over  an aluminum frame and was 
considered t o  be r i g i d  f o r  t h e s e  low-speed tes ts .  The models were cons t ruc ted  
t o  s imula te  t h e  shape of  t h e  e las t ic  a i r p l a n e  wi th  t h e  200 swept wing i n  l g  
f l i g h t .  

The model had a variable-sweep wing wi th  outboard p i v o t s ,  a s i n g l e  v e r t i 
cal t a i l ,  and an in te rchangeable  h o r i z o n t a l  t a i l  (low t a i l  and T-tail  (h igh  
t a i l ) ) .  The h o r i z o n t a l  t a i l  w a s  all-movable f o r  inc idence  ang le s  from -200 
t o  5O. The wing p i v o t  was 5.378 m behind the  undrooped fuse l age  nose a t  
span s t a t i o n  0.70 m. The wing sweep could be va r i ed  from 20° t o  72O f o r  t h e  
unflapped w i n g  and from 20° t o  30° f o r  t h e  take-off  f l a p  arrangement and could 
be set  only  a t  20° f o r  t h e  landing  f l a p  arrangement.  The take-off  f l a p  arrange
ment (des igna ted  14O/28O and shown i n  f i g .  3) cons i s t ed  of  an in t e rmed ia t e  
l a r g e  forward s e c t i o n  ( 0 . 2 0 ~ )deflected 1.40 and a smaller a f t  s e c t i o n  ( 0 . 1 2 ~ )  
d e f l e c t e d  28O. The landing  arrangement (des igna ted  3Oo/5O0 and shown i n  f i g .  3) 
cons i s t ed  o f  an in t e rmed ia t e  large forward s e c t i o n  ( 0 . 2 0 ~ )d e f l e c t e d  300 and 
a smaller a f t  s e c t i o n  ( 0 . 1 2 ~ )d e f l e c t e d  50°. The wing outboard of  t h e  p ivo t  had 
a leading-edge s la t  ( 0 . 1 3 5 ~ )d e f l e c t e d  loo f o r  t h e  take-off  f l a p  arrangement 
( 6 f , t e  - 14O/280) and 30° f o r  t h e  landing  f l a p  arrangement (Sf  te = 3 O o / 5 O 0 ) .  
The c e n t e r  o f  g r a v i t y  o f  t h e  model was assumed t o  be 0.5OE or 5.210 m behind 
t h e  undrooped fuse l age  nose. The model was unpowered but  was equipped with 
flow-through n a c e l l e s  having equa l  i n l e t  and e x i t  areas. Seve ra l  dev ices  were 
used on t h e  w i n g  s t r a k e  f o r  de lay ing  t h e  formation of  leading-edge vo r t ex ,  
namely, a leading-edge s l a t ,  leading-edge droop, and d e f l e c t i o n  of  t h e  whole 
s t r a k e  (nose  downward). The geometric c h a r a c t e r i s t i c s  and angular  d e f l e c t i o n s  
of t hese  devices  are shown i n  f i g u r e s  4 and 5. 

TESTS AND CORRECTIONS 

The l /g -sca le  model was tested i n  t h e  Langley f u l l - s c a l e  tunne l ;  a 
1/135-scale model (1/15-scale of larger model) was tested i n  both t h e  Langley 

4 



f u l l - s c a l e  tunne l  and a 1/15-scale model o f  the f u l l - s c a l e  tunnel .  Force tests 
were conducted a t  Reynolds numbers, based on a mean aerodynamic chord of  
2.03 m,  from 3.92 x 106 t o  5.95 X lo6  (corresponding t o  v e l o c i t i e s  of  about  
54.5 kno t s  t o  81.7 kno t s )  w i t h  most o f  t h e  tes ts  conducted a t  t h e  lower value.  
Angles o f  at tack ranged f rbm about  - 5 O  t o  360 and s i d e l s i p  ang le s  ranged from 
- 5 O  t o  loo.  The model conf igu ra t ion  v a r i a b l e s  are g iven  i n  table  11. 

Wool t u f t s  were attached t o  the upper su r face  o f  t h e  wing, fu se l age ,  
h o r i z o n t a l  t a i l ,  and v e r t i c a l  t a i l  t o  a i d  i n  t h e  i n t e r p r e t a t i o n  o f  f o r c e  test 
r e s u l t s .  

The tes t  data have been co r rec t ed  f o r  t unne l  a i r f l o w  a n g u l a r i t y ,  buoyancy, 
and s t r u t  tares.  Wall c o r r e c t i o n s  were found by theo ry  And by experiment on 
the  1/135-scale model t o  be n e g l i g i b l e  and were no t  incorpora ted  i n t o  t h e  data. 
(Theory of  ref. 4 showed an a n g u l a r i t y  of  0.35O and a dynamic p res su re  cor rec
t i o n  o f  0.75 percent  a t  a l i f t  c o e f f i c i e n t  o f  1.0.) 

PRESENTATION OF DATA 

F igure  
Longi tudina l  aerodynamic characterist ics:  

Tuft  s t u d i e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 t o 1 2  
Effect of  Reynolds number . . . . . . . . . . . . . . . . . . . . .  13 
Effect of w i n g  sweep . . . . . . . . . . . . . . . . . . . . . . . .  1 4 ,  15 
Effect of  h o r i z o n t a l  t a i l  p o s i t i o n ,  c l ean  wing . . . . . . . . . . .  15 
Effect of h i g h - l i f t  devices  f o r  basic strake and T - t a i l  . . . . . .  16 
Effect of  h i g h - l i f t  dev ices  f o r  two s t rake conf igu ra t ions

and low t a i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
E f f e c t  of  s la t ted  strake,  f l a p s  down . . . . . . . . . . . . . . .  ' 18 
Effect of removing strake . . . . . . . . . . . . . . . . . . . . . .  19 
Effect of  strake leading-edge droop . . . . . . . . . . . . . . . .  20 
Effect o f  s t rake leading-edge devices  . . . . . . . . . . . . . . .  21 
Effect of  strake inc idence  . . . . . . . . . . . . . . . . . . . .  22 
Effect of  strake leading-edge arrangement . . . . . . . . . . . . .  23 
Effect of h o r i z o n t a l  t a i l  inc idence  . . . . . . . . . . . . . . . .  24 t o  26 

L a t e r a l - d i r e c t i o n a l  aerodynamic characteristics: 
Effect of  f3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 t o  33 
S t a b i l i t y  d e r i v a t i v e s  s l o t t e d  a g a i n s t  a . . . . . . . . . . . . .  34 t o  36 

I n  a f e w  i n s t a n c e s  it w a s  d e s i r a b l e  t o  compare l o n g i t u d i n a l  data f o r  the  
slatted-strake take-off f l a p  arrangement a t  f3 = O o  w i t h  data f o r  o t h e r  con
f i g u r a t i o n s ,  bu t  these p a r t i c u l a r  data a t  f3 = 00 were n o t  ob ta ined .  Upon 
examination of  the  data a t  f3 = - 5 O  t o  5O, however, it was determined tha t  
f3 = 5O had very  l i t t l e  effect on the  l o n g i t u d i n a l  data; t h e r e f o r e ,  data f o r  
the  take-off f l a p  arrangement wi th  s la t ted  strake a t  f3 = - 5 O  were used i n  
p l ace  of data a t  f3 = Oo i n  f i g u r e s  18, 19,  and 21. 
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RESULTS AND DISCUSSION 

Longi tudina l  Aerodynamic Characteristics 

The conf igu ra t ions  wi th  a low t a i l  were tested only  as a basis f o r  com
par i son  and not  as an accep tab le  a l t e r n a t e  t a i l  pos i t i on :  This  i s  because of  
t h e  aforementioned excess ive  t a i l  temperatures  due t o  t h e  engine exhaust and 
because of  t h e  suckdown of  t h e  h o r i z o n t a l  t a i l  when i n  proximity t o  t h e  ground. 
Therefore ,  t h e  a n a l y s i s  of  t h e  data i n  t h i s  r e p o r t  is mainly f o r  t h e  configura
t i o n s  with t h e  T - t a i l .  The d a t a  are g e n e r a l l y  analyzed wi th  regard t o  t h e  
achievement of  high l i f t  and adequate s t a b i l i t y  and c o n t r o l  f o r  angles o f  
attack up t o  t h e  ang le  a t  which t h e  outboard wing pane l s  s t a l l .  This  ang le  of  
a t t a c k  seems t o  be t h e  maximum usable  ang le  o f  a t t a c k  because s t a l l  of  t h e  out
board panels  normally i n d i c a t e s  l o s s  of damping i n  r o l l ,  l o s s  of  la teral  con
t r o l ,  and excess ive  b u f f e t i n g .  

Tuf t  s t u d i e s . - A s  an a i d  t o  i n t e r p r e t i n g  t h e  f o  ce and moment cha rac t e r 
i s t i c s ,  flow s t u d i e s  were made by observing and photographing wool t u f t s  t h a t  
were a t t ached  t o  the s u r f a c e s  of  t h e  wings, f u s e l a g e ,  and t a i l  f o r  a f e w  
s e l e c t e d  conf igu ra t ions  wi th  20° wing sweep. The c l a r i t y  of  t h e  photographs 
was q u i t e  poor;  t h e r e f o r e ,  t h e  flow p a t t e r n s  were diagramed and are presented  
i n  f i g u r e s  9 t o  12 t o  i l l u s t r a t e  t h e  g e n e r a l  a i r f l o w  characterist ics of  t h e  
mode1. 

I n  g e n e r a l ,  t h e  s t r a k e  t u f t s  show smooth u n s t a l l e d  flow throughout t h e  
angle-of-at tack range ,  but  t h e  presence of  a leading-edge vor tex  is  ev iden t .  
Modi f ica t ions  t o  t h e  s t r a k e  ( i . e . ,  s la t s ,  drooped l ead ing  edge, o r  s t r a k e  
inc idence)  reduced t h e  i n t e n s i t y  of t h e  leading-edge vo r t ex .  The outboard wing 
panels  are seen t o  be s ta l led  a t  high ang le s  of  attack f o r  a l l  c o n f i g u r a t i o n s ,  
but t h e  f l a p s  remain u n s t a l l e d .  This  s t a l l  o f  t h e  outboard wing pane l s  is  
important  i n  t h e  a n a l y s i s  of  t he  f o r c e  t e s t  data because al though t h e  outboard 
wing panels  begin t o  s t a l l  a t  ang le s  of  a t t a c k  between 1 8 O  and 22O and are 
usua l ly  completely s t a l l e d  a t  an ang le  of  at tack of  26O, t h e  f o r c e  data 
( f i g s .  13 t o  26) show t h a t  t h e  l i f t  c o e f f i c i e n t s  cont inue  t o  rise t o  h ighe r  
angles  of a t t a c k .  These greater va lues  of  l i f t  c o e f f i c i e n t  are ev iden t ly  the  
r e s u l t  of  increased  vo r t ex  l i f t  on t h e  wing s t r a k e  and would probably no t  be 
considered usab le  lift f o r  an o p e r a t i o n a l  a i rcraf t  because,  as poin ted  ou t  
prev ious ly ,  t h e  p r i o r  outboard w i n g  s t a l l  would probably have a l r eady  r e s u l t e d  
i n  l o s s  of  damping i n  roll, inadequate  la teral  c o n t r o l ,  and excess ive  bu f fe t ing .  

The wing s l a t  d i d  not  func t ion  as w e l l  as expected,  and it  is  be l ieved  
t h a t  modi f ica t ions  t o  t h e  slat d e f l e c t i o n  ang le  and s l o t  geometry would have 
improved t h e  a i r f l o w  over t h e  outboard w i n g  f o r  ang le s  of  a t t a c k  greater than 
22O. The t u f t  t e s t  data a l s o  showed t h a t  s i d e s l i p p i n g  t h e  model i n  g e n e r a l  
caused the  flow t o  d e t e r i o r a t e  ear l ier  over the  advancing wing. 

Reynolds number.- A t  t h e  o u t s e t  of t h e  program, tests were conducted on - - ~ ~ . 

t h e  f lapped conf igu ra t ion  f o r  a range of  wind-tunnel speeds t o  determine 
whether t h e r e  were apprec iab le  effects of Reynolds number and t o  determine 
whether tests a t  speeds lower than maxim& tunne l  speed would be accep tab le .  
These effects of  Reynolds number are shown i n  f i g u r e  13 where v a r i a t i o n s  i n  
Reynolds number i n  t h e  range from 3.92 x lo6 t o  5.95 x lo6 were shown t o  have 
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l i t t l e  effect  on t h e  aerodynamic characteristics, p a r t i c u l a r l y  t o  a n g l e s  of 
attack of  about  20°. Above t h i s  ang le ,  maximum CL was increased  a small 
amount w i t h  inc reas ing  Reynolds number. The d i f f e r e n c e  was considered t o  be 
n e g l i g i b l e ,  however, for the purposes o f  t h e  p re sen t  i n v e s t i g a t i o n ;  and s i n c e  
t h e  test program could be expedi ted  by us ing  the  lower v e l o c i t y ,  the remaining 
tests were conducted a t  a Reynolds number of 3.92 X lo6 ( tes t  v e l o c i t y  of 
about  54.5 kno t s ) .  

W i n g  sweep.- The effects  of wing leading-edge sweep on the  aerodynamic 
c h a r a c t e r i s t i c s  of  the  c l ean  wing conf igu ra t ion  w i t h  and wi thout  the T - t a i l  
and the low- ta i l  arrangements  are shown i n  f i g u r e s  14 and 15. Inc reas ing  
wing-sweep ang le  decreased l i f t  and l i f t - c u r v e  s l o p e  i n  the angle-of-at tack 
range t o  about  1 5 O .  The pitch-up t h a t  began a t  about  7' ang le  of  attack f o r  
the 20° sweep cond i t ion  f o r  e i ther  h o r i z o n t a l - t a i l  arrangement w a s  a l s o  a l le
v i a t e d  s l i g h t l y  by i n c r e a s i n g  wing-sweep angle .  

High- l i f t  devices . - One p o i n t  tha t  should be n o t e d - a t  the  beginning of 
t h i s  d i scuss ion  of the  h i g h - l i f t  dev ices  is tha t  t h e  l i f t  c o e f f i c i e n t s  of the  
p resen t  i n v e s t i g a t i o n  f o r  a p a r t i c u l a r  ang le  o f  at tack appear  t o  be unusual ly  
low. The reason f o r  t h i s  characteristic is the  manner i n  which CL is 
def ined .  The f u l l y  swept planform area w a s  selected as the  r e fe rence  area 
s i n c e  t h i s  w a s  the  area used by previous  i n v e s t i g a t o r s  (governmental and indus
t r i a l )  concerned w i t h  the  variable-sweep concept .  The l i f t  c o e f f i c i e n t s  of the  
p resen t  i n v e s t i g a t i o n  would be inc reased  by about  50 pe rcen t  if the  r e fe rence  
area had been t h a t  of  the  20° swept-wing conf igu ra t ion  ( t h e  area being based on 
t h a t  descr ibed by extending the  l ead ing  and t r a i l i n g  edge of t he  variable-sweep 
panels  t o  the  a i rcraf t  c e n t e r  l i n e ) .  

The e f f e c t s  of w i n g  h i g h - l i f t  dev ices  ( f l a p s  and slats) on the  aerodynamic 
characterist ics f o r  the  basic strake and the  s la t ted  strake are shown i n  f ig
u r e s  16 and 17 f o r  the  two t a i l  arrangements.  The l i f t  c o e f f i c i e n t  a t  a l l  
ang le s  of a t t a c k  increased  cons iderably  by the a d d i t i o n  o f  f laps  and s la ts ,  and 
t h e  l o n g i t u d i n a l  s t a b i l i t y  characterist ics f o r  t h e  T - t a i l  arrangement were 
about  the  same as f o r  t h e  undef lec ted  f l a p  cond i t ion ,  except  t h a t  t he  onse t  o f  
pitch-up w a s  delayed from an ang le  of attack of about 7O f o r  t h e  c l ean  config
u r a t i o n  t o  about  IOo f o r  the  flap-down conf igu ra t ions  w i t h  t he  T - t a i l .  The 
model, w i t h  o r  without  f l a p s  deflected,  had a pi tch-up characterist ic i n  t h e  
moderate t o  high angle-of-at tack range.  The p i t c h  characterist ics f o r  the  
slatted-strake conf igu ra t ion  are shown i n  f i g u r e  18. The s la t ted strake w a s  
considered t o  be p a r t  o f  the  basic h i g h - l i f t  system s i n c e  it had been i d e n t i f i e d  
i n  r e fe rence  5 as a recommended f e a t u r e .  The data o f  f i g u r e  18 show tha t  f o r  
both conf igu ra t ions  ( 8 f , t e  = 140/280 and 300/500), use o f  the  s la t ted strake 
provided an improvement i n  l o n g i t u d i n a l  s t a b i l i t y .  The pi tch-up f o r  t he  f l a p -
down T - t a i l  con f igu ra t ions  w a s  delayed t o  an ang le  o f  at tack of  1 2 O  t o  1 5 O  (as 
compared w i t h  about  100 f o r  t he  basic-strake conf igu ra t ion )  and w a s  somewhat 
less seve re  than t h a t  o f  the  basic-strake conf igu ra t ion  a t  higher ang le s  o f  
at tack. Hence, the  s la t ted strake was cons iderably  bet ter  than the  b a s i c  strake 
i n  providing high usab le  l i f t  va lues  f o r  the  take-off  and for the  landing  f l a p  
arrangements.  Even w i t h  t he  s la t ted  strake, however, t he  l o n g i t u d i n a l  i n s t a 
b i l i t y  w a s  q u i t e  s eve re  a t  t he  ang le  of  attack a t  which the  outboard wing 
pane l s  s ta l led  approximately 2 2 O ;  t h e r e f o r e ,  it would probably no t  be p o s s s i b l e  
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t o  use a l l  t h e  h igh  l i f t  c o e f f i c i e n t  t h a t  would be a v a i l a b l e  from t h e  s tand
p o i n t  of  w i n g  s t a l l . .  

S t r a k e  modi f ica t ions . - The t u f t  s t u d i e s  o f  f i g u r e s  9 t o  12,  as w e l l  as 
p a s t  exper ience  wi th  s t r a k e s  similar t o  those  o f  t h e  p r e s e n t  model ( r e f .  51, 
have ind ica t ed  t h a t  t h e  pitch-up is a s s o c i a t e d  wi th  t h e  loading  o f  t h e  s t r a k e .  
Hence, t h e  effect o f  removing t h e  s l a t t e d  s t r a k e  f o r  t h e  landing  and take-off 
f l a p  arrangements w a s  i n v e s t i g a t e d  and t h e  r e s u l t s  are shown i n  f i g u r e  19. 
The effects of  removing t h e  s t r a k e  were an i n c r e a s e  i n  l o n g i t u d i n a l  s t a b i l i t y ,  
a marked de lay  i n  t h e  onse t  o f  and r educ t ion  i n  s e v e r i t y  o f  t h e  pitch-up, and 
a loss  o f  l i f t .  S ince  t h e  s l a t t e d  s t r a k e  had r e s u l t e d  i n  improved longi tu
d i n a l  s t a b i l i t y  and increased  maximum usab le  l i f t  c o e f f i c i e n t  when compared 
with t h e  b a s i c  s t r a k e ,  a l t e r n a t e  s t r a k e  mod i f i ca t ions  were i n v e s t i g a t e d  t o  
determine whether o t h e r  ways o f  c o n t r o l l i n g  s t r a k e  f low would be perhaps more 
effective or more s imple than t h e  use  of  t h e  s la t .  

The effect  of  drooping t h e  l ead ing  edge of  t h e  s t r a k e  is shown i n  f ig
u r e s  20 and 21. F igure  20 shows t h a t  i n c r e a s i n g  t h e  droop ang le  beyond 30° d i d  
not  have any s i g n i f i c a n t  effect  on l o n g i t u d i n a l  s t a b i l i t y ,  l i f t ,  or drag .  Fig
u re  21 shows a comparison of  t h e  aerodynamic c h a r a c t e r i s t i c s  f o r  t h e  30° droop 
cond i t ion ,  t h e  b a s i c  s t r a k e ,  and t h e  s l a t t e d  s t r a k e .  These d a t a  show t h a t  t h e  
drooped l ead ing  edge was as e f f e c t i v e  as t h e  s t r a k e  s l a t  i n  de lay ing  t h e  onse t  
of  as w e l l  as reducing t h e  s e v e r i t y  o f  t h e  pi tch-up.  

It was reasoned f u r t h e r  t h a t  i f  t h e  s t r a k e  was caus ing  a large p o s i t i v e  
p i t ch ing  moment a t  high ang le s  of  a t t a c k ,  then  d e f l e c t i n g  t h e  whole s t r a k e  
(nose downward) should r e l i e v e  t h e  pi tch-up caused by t h e  s t r a k e  l i f t  and 
should improve t h e  l o n g i t u d i n a l  s t a b i l i t y  by improving t h e  flow over  t h e  wing 
behind t h e  s t r a k e .  The effect  of  d e f l e c t i n g  t h e  whole s t r a k e  t o  is = -15O 
f o r  t h e  landing  f l a p  arrangement is shown i n  f i g u r e  22. These d a t a  show t h a t  
i nc reas ing  t h e  inc idence  of  t h e  s t r a k e  delayed t h e  onse t  of  t h e  pitch-up. The 
l i f t  was v i r t u a l l y  unaf fec ted  f o r  ang le s  o f  a t t a c k  below 250, and t h e  drag 
reduced s i g n i f i c a n t l y  a t  t h e  h igher  ang le s  of  a t t a c k .  The d a t a  sugges t  t h e  
p o s s i b i l i t y  of  programing t h e  s t r a k e  inc idence  t o  vary  on a one-to-one b a s i s  
with angle  of  a t t a c k  i n  order  t o  de lay  t h e  onse t  o f  pi tch-up t o  a t  least  
c1 = 15O, and probably f u r t h e r  wi th  h igher  r a t i o s  of  s t r a k e  inc idence  ang le  t o  
angle  of a t t a c k .  

The o v e r a l l  e f f e c t  of  t h e  va r ious  s t r a k e  arrangements f o r  t h e  take-off 
f l a p  arrangement i's shown i n  f i g u r e  23. The whole s t r a k e  was d e f l e c t e d  only 
5O f o r  t h i s  f l a p  arrangement,  and from t h e  h igher  s t r a k e  inc idence  d a t a  of  
f i g u r e  22, it appears  t h a t  l a r g e r  s t r a k e  inc idence  a n g l e s  would have increased  
the  l o n g i t u d i n a l  s t a b i l i t y  of  t he  take-off f l a p  arrangement and would probably 
have delayed t h e  pitch-up. O f  t h e  s t r a k e  arrangements i n v e s t i g a t e d ,  however, 
t h e  s l a t t e d  s t r a k e  appears  t o  be t h e  b e s t  arrangement f o r  t h e  take-off f l a p  
conf igu ra t ion .  

None of t h e  s t r a k e  modi f ica t ions  had a s i g n i f i c a n t  effect  on t h e  maximum 
l i f t  c o e f f i c i e n t  or on the  maximum usable  CI,, and none of  t h e  modi f ica t ions  
allowed t h e  use of  t h e  maximum l i f t  t h a t  would be a v a i l a b l e  i f  it were no t  f o r  
t h e  pitch-up. The s i g n i f i c a n c e  of  t h e s e  d a t a  is  t h a t  t h e  pitch-up appeared t o  



be caused mainly by t h e  wing s t r a k e ,  and d e f l e c t i n g  t h e  whole s t r a k e  i n  i n c i 
dence o r  modifying t h e  l ead ing  edge of  t h e  s t r a k e  by drooping it o r  by adding 
a s la t  provided a small improvement i n  t h e  l o n g i t u d i n a l  s t a b i l i t y .  Because 
o f  t h e  s t rong  i n f l u e n c e  of  t h e  s t r a k e  arrangement on t h e  long i tud iona l  sta
b i l i t y ,  t h i s  wing apex area should be t h e  area f o r  concent ra ted  s tudy t o  
determine means of  improving t h e  l o n g i t u d i n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  of  t h e  
v a r i a b l e  sweep supersonic  c r u i s e  aircraft i n  i ts  landing  and take-off modes. 

Effect of  h o r i z o n t a l  t a i l  incidence.- The effect on t h e  aerodynamic char
ac te r i s t ics  of  h o r i z o n t a l  t a i l  inc idence  is  shown i n  f i g u r e s  24 t o  26. The 
h o r i z o n t a l  t a i l  is q u i t e  e f f e c t i v e  i n  provid ing  l o n g i t u d i n a l  t r i m  throughout 
t h e  angle-of-at tack range f o r  e i t h e r  t h e  T - t a i l  o r  t h e  iow- ta i l  arrangement.  

La te ra l -Di rec t iona l  Aerodynamic C h a r a c t e r i s t i c s  

The l a t e r a l - d i r e c t i o n a l  aerodynamic c h a r a c t e r i s t i c s  of  t h e  model wi th  and 
without  t he  t a i l  i n s t a l l e d  are shorjn i n  f i g u r e s  27 t o  33 f o r  s e v e r a l  va lues  of 
wing leading-edge sweep and f o r  s e v e r a l  wing conf igu ra t ions .  The comparable 
s t a b i l i t y  d e r i v a t i v e s  are shown i n  f i g u r e s  34 t o  36. The d e r i v a t i v e s  were 
obtained by determining t h e  incrementa l  change i n  t h e  l a t e r a l - d i r e c t i o n a l  
c h a r a c t e r i s t i c s  caused by a 100 change i n  s i d e s l i p  ang le  (+5O t o  - 5 O ) .  

I n  gene ra l ,  t h e  complete model had good l a t e r a l - d i r e c t i o n a l  cha rac t e r 
i s t ics  t o  about 15O ang le  of  a t t a c k ,  a f t e r  which t h e  s t a b i l i t y  d e t e r i o r a t e d  
very r a p i d l y  and i n s t a b i l i t y  occurred a t  about  20° a n g l e  of  a t t a c k  (nea r  
maximum C L ) .  

CONCLUSIONS 

The r e s u l t s  of  f o r c e  tests i n  t h e  Langley f u l l - s c a l e  tunne l  on a 
1/9-scale  model of a variable-sweep supersonic  c r u i s e  a i rcraf t  show t h e  
f o11owing c o n c h  s i o n s  : 

1 .  The model, wi th  or wi thout  f l a p s  d e f l e c t e d ,  had a pitch-up cha rac t e r 
i s t i c  i n  t h e  moderate t o  h igh  angle-of-at tack range.  The pitch-up appeared t o  
be caused mainly by t h e  wing s t r a k e ,  and d e f l e c t i n g  t h e  whole s t r a k e  i n  i n c i 
dence o r  modifying t h e  s t r a k e  l ead ing  edge by drooping i t  o r  by adding a s l a t  
provided a small improvement i n  l o n g i t u d i n a l  s t a b i l i t y .  

2. The s l a t t e d - s t r a k e  l and ing  or take-off f l a p  arrangement wi th  T - t a i l  
provided l o n g i t u d i n a l  s t a b i l i t y  t o  ang le s  of  a t t a c k  of  12O t o  1 5 O .  Above t h e s e  
ang le s  of a t t a c k ,  however, t h e  T-tail  r e s u l t e d  i n  a seve re  pitch-up. 

3. Both t h e  T - t a i l  and low- ta i l  arrangements provided good l o n g i t u d i n a l  
c o n t r o l  e f f e c t i v e n e s s  throughout t h e  angle-of-at tack range.  
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4. I n  gene ra l ,  t h e  complete model had good l a t e r a l - - d i r e c t i o n a l  s t a b i l i t y  
c h a r a c t e r i s t i c s  t o  about  1 5 O  ang le  of  at tack, after which t h e  s t a b i l i t y  
decreased very r a p i d l y  wi th  inc reas ing  ang le  o f  a t t a c k  and i n s t a b i l i t y  occurred 
near  maximum l i f t .  

Langley Research Center 

Nat iona l  Aeronaut ics  and Space Adminis t ra t ion 

Hampton, VA 23665 
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TABLE I.- MODEL DIMENSIONS 

Wing ( a l l  w i n g  dimensions refer t o  t he  72O swept-wing conf igu ra t ion ) :  
Area. m2 . . . . . . . . . . . . . . . . . . . . .  
Span. m . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. m . . . . . . . . . . . . .  
R o o t c h 0 r d . m  . . . . . . . . . . . . . . . . . . .  
Sweep o f  wing leading edge. deg . . . . . . . . . .  
Geometric t w i s t  ( r e f e renced  t o  H . R . L . )  a t  -

Root. deg . . . . . . . . . . . . . . . . . . . .  
T i p  (80-percent semispan. p a r a l l e l  t o  fuse l age  

c e n t e r  l i n e ) .  deg . . . . . . . . . . . . . . .  
Moment r e fe rence :  

. . . . . . . . . .  5.77 . . . . . . . . . .  3.34 . . . . . . . . . .  1 ..93 . . . . . . . . . .  2.03 . . . . . . . . . .  4.13 . . . . . . . . .20 t o  72 

. . . . . . . . . .  -1.33 

. . . . .  .. . . . .  -5.52 

Longi tudina l  d i s t a n c e  from undrooped nose. m . . . . . . . . . . . . .  5.21 
Vertical d i s t a n c e  above H . R . L . ,  m . . . . . . . . . . . . . . . . . . .  0.063 

T - t a i l  Low t a i l  
Hor izonta l  t a i l  : 

Area. m2 . . . . . . . . . . . . . . . . . . . . . . . .  0.651 1.036 
Span. m . . . . . . . . . . . . . . . . . . . . . . .  1.42 1.65 

Incidence.  deg . . . . . . . . . . . . . . . . . . . . .  -20 t o  5 -20 t o  5 
Mean aerodynamic chord. m . . . . . . . . . . . . . .  0.50 0.64 

Dihedral .  deg . . . . . . . . . . . . . . . . . . . .  10 -10 

Vertical t a i l  : 
Area. m2 . . . . . . . . . . . . . . . . . . . . . . .  0.823 0.509 
Span. m . . . . . . . . . . . . . . . . . . . . . . .  0.76 0.72 
Sweep angle  f o r  -

Leading edge. deg . . . . . . . . . . . . . . . . .  37 34 
T r a i l i n g  edge. deg . . . . . . . . . . . . . . . . .  30 20 

Root chord. m . . . . . . . . . . . . . . . . . . . .  1 .90 1.67 
T i p  chord. m . . . . . . . . . . . . . . . . . . . . .  0.64 0.27 

Inboard Outboard 
Enginesa (flow-through n a c e l l e s  on ly )  : 

Spanwise l o c a t i o n  o f  engines
( t o  f r o n t  of  i n l e t s ) .  m . . . . . . . . . . . . . . .  2.54 5.46 

Locat ion r e l a t i v e  t o  H.R .L . ,  deg . . . . . . . . . . .  -5.75 -4.25 

aEngines are skewed 1.50 from X-axis wi.th exhaust  nozz le s  p o i n t i n g  outward . 

11 




* TABLE 11.- MODEL CONFIGURATION VARIABLES 

Wing s l a t  Wing f l a p  
S t r a k e  d e f l e c t i o n ,  d e f l e c t i o n ,  T a i l  

deg deg 

Clean w i n g  con f igu ra t ion  

20,a 30, 42, O f f  and on Retracted r 0 1 O f f ,  T ,  and low 

Take-off f l a p  arrangement 

20 and 30 O f f  and on; 10 14/28 O f f ,  T ,  and low; 
inc idence ,  O o ,  inc idence ,  5O, 
-50, -100, and 00, -50, -100, 
-15O; L.E.  and -20° 

dev ices ,  s la t  

and drooped L.E.  

of Oo, 30°, 60°, 

and 90' 


~.L
O f f  and on; 

Landing f l a p  arrangement 

30150 O f f ,  T ,  and low;20 30 
inc idence  , Oo , i nc idence ,  5O, 
-5O, - loo,  and 00, -50, -100, 
-150; L.E. and -20° 

dev ices ,  s lat  

and drooped L.E. 

of  Oo, 30°, 60°, 

and 90° 
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Figure 1 .- S t a b i l i t y  system of axes and pos i t i ve  sense of angles ,  fo rces ,  and moments. 



r 9. 160 ~ 

Wing re fe rence  dimensions: 

Area 5.77 m 2 

Aspect r a t i o  1.93 
Mean aerodynamic chord 2 . 0 3  m 
Spanwise l o c a t i o n  of C 	 0.383 b /2

(0.64m)
Span 3.34 m 
Incidence a t  -

Root -1020' 
0.80 b12 -5031' 

Figure 2.- Geometric characteristics of 1/9-scale model of variable-sweep supersonic 

cruise aircraft. All dimensions are in meters. 




- - -  

Slat chord = 0.135c, T.E. gap = 0.01~ 
Forward flap chord = 0.20c, L.E. gap = 0.025~ 
Aft flap chord = 0.12c, L.E. gap = 0.01~ 

0.025~ 0.004~ 

Wind reference plane 


0.01c 

-Take-off flap arrangement 

Landing flap arrangement 


Figure  3.- Landing and take-off  f l a p  arrangements and s l a t  f o r  
200 swept-wing c o n f i g u r a t i o n s .  Streamwise s e c t i o n  a t  
spanwise s t a t i o n  1 . 2  m. 

I 
8 

,‘,’, ’ 
,’ 

Horizontal reference 	 -’I ,,
/ c-‘ 

Figure  4.- Wing s t r a k e  wi th  p i v o t  a t  s t a t i o n  4.24 m from undrooped nose 
of model. Streamwise s e c t i o n  a t  spanwise s t a t i o n  0 .44  m.  
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Distance f rom leading edge of strake 
to undrooped nose of model 

Stat ion 1 (5.04m)\ \ A . /  Station 2 (4.571111 

Strake -! i 
Strake pivot 

Strake droop0" to 90" (S t rake  d r o o p c h o r d  = 0. 1 4 m )  d = 0.04211 
g = 0.05511 

( S l a t  c h o r d  = 0.1411 I 

I Station 4 Station 3 Stat ion 2 Station 1 

/ / 
( Section A - A  1 

Figure 5.- W i n g  s t r ake  s la t  and droop. Sec t iona l  views are normal t o  s t r a k e  l ead ing  edge. 



L-73-5028 
Figure 6.- Three-quarter rear view of I/g-scale model mounted f o r  tests in Langley full-scale tunnel. 



L-73-5026 

Figure 7.- Bottom f r o n t  view of I/g-scale model mounted f o r  tes ts  i n  Langley f u l l - s c a l e  tunnel .  



L-73-5024 

Figure 8.- Three-quarter rear view of 1/135-scale model in a 1/15-scale model of 


Langley Full-scale tunnel. 




Direction 
of flaw 

a = 0" 

a = 22" a = 26O 

a = 28O a = 30° 

(a> is = Oo.  

Figure 9.- Airflow patterns with  strake incidence varied. 8f , t e  = 300/500;
6s,le = Oo; T-tail; it = 0'; A = 20'; f3 = Oo. 
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i 'ii 
.f 

a = Oo 

,I&*Y 

a = 18' 

a = 28O 

a = a' a = L4O 

;I: 

a = 22' a = 26' 

a = 30° 

(b) is = -5'. 

Figure  9.- Continued. 
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/ .  

/! i i, 
I ,' I 1 ,  

I , . 	 Direction ' ,  

of flow . v  

a = 2b0 

L.ik 
a = 2a0 a = 30° 

Figure 9.- Concluded. 
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Direction
I '  i t  0f.flow 

Rough 

Sta I Ied 

'i 

, 
, ? I  'T4 ,, 

a = 28" a = 30" a = 34' 

( a>  = 30'. 

Figure  10.- Airf low p a t t e r n s  wi th  s t r a k e  l e a d i n g  edge d e f l e c t e d .  
6 f , t e  = 30°/500;  is = O o ;  T - t a i l ;  it = O O ;  A = 200; 
B = 00 .  
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a = Oo 

a = 18O 

' ,  

a = 2a0 

Direction 
I' of flow 

,
i 

i 

a = 22O 

i 

1 

i '  

' #  \ '  

a = 34' 

(b) 6s,le = 60'. 

F i g u r e  10.- Continued. 
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a = 0' 

;'
, 

I 

I '  

a = 26' 

a = 28' a = 30a a = 34' 

(c) &,,le = 900. 

Figure  10.7 Concluded. 

25 




n = ao a = 14' 

a = 26O 

,
I 

' i' 
I /  : I 

n = 30° a = 34' 

Figure  11.- Airflow p a t t e r n s  wi th  s i d e s l i p  va r i ed .  S l a t t e d  s t r a k e ;  
b f , t e  = 3Oo/5O0; is = O o ;  T-tai l ;  i t  = O o ;  A = 200. 
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a = 0" a = 8" a = 14" 

a = 180 a = ZZO a = 2b0 

A 


a = 28" a = 30" a = 34O 

(b) f3 = 5O. 

Figure 11.- Continued. 



' Flow direction 

Direction 
Of flow 

Rough 
Stalled 

a = 0' a = a' 

j; 

a = 18O a = 22' 

i ,I 
i j

i ii 

a = 28O a = 30' a = 34" 

( c >  B = 100. 

Figure 11.- Concluded. 
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h n 
- Direction 
.+ of flow 

u Rough 
Stalled 

a = 8O a = 14' 

a = 22' a = 26O 

Figure  12.- Airflow p a t t e r n s  a t  inc reased  speed ( ~ 8 4k n o t s ) .  S l a t t e d  strake; 
6f te = 300/5O0; is = Oo; T - t a i l ;  it = Oo; A = 20°; f3 = Oo. (Compare 
wi th  p a t t e r n s  of f i g .  11 (a )  (s54 ' k n o t s ) . )  
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.2 
c m  

0 

- . 2  

1 .8 

1.6 

1 .q 

I .2 

c,1 .o 

i 
.8 

CD 
.6 

.2 

0 

- .2 
-10 	 0 

' a,deg 

Figure  13.- Effect of  
6 f , t e  = 300 /500 ;  

Reynolds number 
3.92 x 106 ----=--5.12x106 

-+- 5.95x 106 

e 

CD 

(a)  Basic strake.  

Reynolds number f o r  two strake arrangements.
is = 00; T - t a i l ;  it = O o ;  A = 20°; B = O o .  
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.Lf 

.2 
c m  

0 

- .2 

1 .6 

1 .Y 

1.2 

1 .o 

.8 

CD 	.6 

.Y 

.L 


C 

- . L  

Reynolds number 

--8- 3.92x 106 
-.-.=--- 5.12 x 106 

-e- 5.95x106 

1 I O  20 30 YO .8 1 .o 

a,deg 

(b) S l a t t e d  strake. 

F igu re  13.- Concluded. 
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1 
.q .2 0 - .2 0 .2 .Li .6 .8 1 .o 

c m  CD 

( a >  T-tail .  

F igure  14.- Effect of  wing leading-edge sweep f o r  two t a i l  arrangements.  
Clean wing conf igu ra t ion ;  it = g o ;  6 = O o ;  undrooped fuse l age  nose.  
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-8- 20 
crn ._..=--- 30 

-e- 42 
--&-- 72 

-.2O I  

c P 

d 
/ 

I Lto . e  0 -.2 1 .o 1.2 

crn C D  

(b) Low t a i l .  

F igure  14.- Concluded. 
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.2crn 
0 


- .2 

-10 IO 20 30 YO .Y .2 0 -.2 0 .2 . t l  .6 .8 1 .O 

( a )  A = 20°. 

Figure  15.- Effect of  h o r i z o n t a l  t a i l  p o s i t i o n  f o r  va r ious  wing-sweep 
ang le s .  6 f , t e  = 00; i t  00; f? = 00. 
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3 

t 

20 30 q0 0 - .2  .6 1.0 1.2 

c m  CD 

A = 30°. 

Figure 15.- Continued. 
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1.6 

1 .Y 

1.2 

1 .o 

CL 
.a 

c, 	- 6  

.Y 

.2 

0 


I 
- . e  

- .Y !
-10 0 20 30 .Y - 2  0 

@m 

( c )  A 420. 

F i g u r e  15.- Continued. 
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1.2 



.Y 

.2 

c m  

0 

- .2 


I 


P 


i 


0 IO 20 30 Y O  .8 1 .o 


( d )  1\ = 72O.  

Figure  15.- Concluded. 
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.Y 

.2 
c m  't t e  deg 

0 eo ____a14/28 

--e
30/50 

- .2 

1 .a I 
1 .6 

1 .Y 

1.2 

1 .o ::
CL 


.a 

c, .6 

* Y  +p

.2 

il 
0 

- .2 

- .Y 0 
-10 0 10 .Y 

u iP 
0 .2 .Y.2 

a,deg CD 

Figure 16.- Effect of h i g h - l i f t  devices  f o r  b a s i c  s t r a k e  and T - t a i l .  
it = O o ;  A = 20°; 6 = O o .  

38 




.2 


Cm 
0 

-.2 

Figure 17.

f.te . dq 
0 Clean configuration----=--14/28 Slatted rlrake 

-e- 30/50 Slatted rtrake 

20 30 LtO 0 -.2 1 .o 1.2 

a,deg Cm CD 

Effect o f  h i g h - l i f t  devices  f o r  s la t ted  strake and 
low t a i l .  it = 00; A = ZOO; B = oO. 
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1.6 

1 .tl 

I .2 


1 .o 

c, .8 


.6 


C D  
.'i 

.2 


0 


- .2 


- .tl 
-10 	 0 IO 20 

a,deg 

Figure 18 

a,deg 

4

7 

3 I 


.'i .2 0 - 0 .2 I .o 

cxn 
( a )  T-tail ;  6 f , t e  = 140/28O. 

- Effect of s la t ted strake. A = 20'; $ = 00. 
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12 

8 

L/D 

y l  Strake 

Basic 

Slatted 

-9 
-10 0 10 20- 30 Y O  

3 

F T 

10 30 Y O  J 1.2 
.S’ 

crn C D  

9 (b) T-tail; b f , t e  = 3 O o / 5 O 0 .  

Figure  18.- Concluded. 
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.Y 

.2 

0 


- .2 - Y  ~ 

-10 0 10 20 30 Y O  

a,deg 

- .Y -~ 
-10 	 0 IO 20 30 Y O  .Y .2 0 - .2 -.Y 

a,deg c m  

Strake Tail 

On T I B  = -5") 

---E- 011 T 

--eOn 011 

-4%- 011011 

Figure  19.- Effect of removing slatted strake. it = 0'; A = 20'; B = 0'. 
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Cm 

- YO M ' 

-10 0 10 20 30 Y O  

a,deg 

1.6 -e-on 
--A-- 011 

011 
011 

1 

1 

1 

CL 

-10 0 IO 20 30 40 

a,deg 

1 1 1 i I / 


, q  .2 0 - . 2  - . y  

Cm 
(b) 6f,te = 3 O o / 5 O 0 .  

Figure 19.- Concluded. 
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.Y 

.2 

Cm 
0 

- .2 

- . Y  

1.8 

- 4  


- .2 , L ! I I 

-10 10 20 30 '10 

a,deg 

12 

8 

L/D 

0 

-Li 
-10 0 

9 

.ll .2 0 -

Cm 

fI O  
20 30 I 

a,deg 

E
d 5 

I .L! 

C D  

Figure 20.- Effect of  s t r a k e  leading-edge droop. b f , t e  3 O o / 5 O 0 ;  
T-tai l ;  i t  00; A = 20°; 6 O o .  
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0 I O  20 30 YO 

a,deg 

0 I O  20 30 YO tl .2 0 - . 2  

Figure 21.- Effect of strake leading-edge devices. 
it = O o ;  A = 200; f3 = O o .  

I-

L.E. Device 

-..+ Basic slrake 
-----D Slatted slrake 16 = -5‘1-+ DroopedL.E.Ihs,,e= 3@1 

T-tail; 


4s 




L.E. Device 

+ Baric 

0 Slatted 

+- Drwped LE. 16s,,e = 30'1 

1.0 

1 .6 

1 .Y  I 
1.2 

c,1 .o 

.0  

C D  
.6 

.L( 

.2 

0 

- .2  
-10 0 

a. deg 

r 
.q .2 

c m  

0 .2 

CD 
1.2 

(b) Bf,te = 3 O o / 5 O 0 .  

Figure  21.- Concluded. 

46 




30 
10 20 
a'40 

- .2  - . L f  .6 .8 1.0 1.2 

a,deg CD 

Figure  22.- Effect 	of s t r a k e  inc idence .  6f te = 3 O o / 5 O 0 ;  T - t a i l ;  
it = 00; A = 200; = bo. 
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1 .6 

1 .Li 

1.2 

1 .o 

c, .8 

.6 

C D  
. Y  

.2 

0 ~ . . .I 
- .2 

- .Y i I 
-10 10 20 30 '10 .Li .2 0 - I .2 . Y  0 

crn C D  

Figure 3.- Effect of strake leading-edge arrangement.  6 f , t e  = 140/28O; 
T - t a i l ;  i t  = 00; A = 200; B = O o .  
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.2 

0 

c m  

- .2 

10 20 30 90 .6 .E 

a.deg CD 

Figure  24.- E f f e c t  of  h o r i z o n t a l  t a i l  inc idence  wi th  s t r a k e  removed. 
T - t a i l ;  A = 200; 6 = Oo. 
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.6 

CD 
.q  

.e 

0 

- .2 

- .Lf 
-10 0 10 I 

R I

T 
L

EiF"I 
I-T 
IIII I 

.2 0 - . z  .2 .Lf 

a,deg c m  CD 

(b) 6f,te = 30°/500. 

Figure 24.- Concluded. 
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- 

10 

a.deg 

(a) Gf,te - 140/280. 

Figure 25.- Effect of horizontal tail incidence with slatted strake 
and T-tail. A = 20°; B = O o .  
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.Lf 

.2 
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..2 

.L) 

.L) .e 0 -.2 -.Lt 0 .2 .Lf .6 

a.deg c m  CD 

(b)  6f,te = 30°/500.  

Figure  25.- Concluded. 
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.Lf 

.2
Cm 

0 

- .2 

10 20 30 .Lf .6 .E 1.0 

a.deg CD 

( a>  Gf,te = 1Qo/28O. 

Figure  26.- Effect of  h o r i z o n t a l  tail inc idence  w i t h  s la t ted  s t r a k e  
and low t a i l .  A = 20°; f3 = Oo.  
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.Lf 
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.Lt - 2  0 - t .2 .Lt 1 .o 

(b) 6f,te = 3 O o / 5 O 0 .  

Figure 26.- Concluded. 
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(a) A = 20°. 

Figure 27.- Lateral-directional characteristics of clean wing configuration

with horizontal tail removed. 
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CZ 
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- .02 

- .OY 
- 0 0 10 20 30 

a,deg 

(b) A = 30°. 

Figure 27.- Continued. 
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CZ 
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- .02 
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a,deg 
( c >  A = 420. 

Figure 27.- Continued. 
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Figure  27.- Concluded. 
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c n  

- -02 

- .oLf 

- -06 

.OLf 

- 02 

CZ 


- .02 
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- .oLf 
-10 

Figure 28.- Lateral-directional characteristics of clean wing 
configuration with T-tail. it = 00 .  
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Figure 28.- Continued. 
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( c )  A = 42O. 

Figure 28.- Continued. 
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 0 
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-10 0 10 20 30 '40 
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Figure 29.- Lateral-directional characteristics of clean wing 
configuration with low tail. it = 00. 
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(b) A = 30°. 

Figure 29.- Continued. 


64 




.2 

CY 

0 

- .2 

.06 

.0q 

.02 

c n  
0 

- .OE 

- . O Y  

- .Of 

.06 

.0q 

.02 

CZ 0 

- .02 

- .oq 

- .06 

- .08 
-10 0 10 20 30 q0 

a,deg 
( c )  A = 4 2 O .  

Figure 29.- Continued. 
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Figure 29.- Concluded. 
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- -06 
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Figure  30.- L a t e r a l - d i r e c t i o n a l  characterist ics o f  c o n f i g u r a t i o n  w i t h  

basic strake.  6 f , t ,  = 1 4 O / 2 8 O ;  t a i l  removed; A = 20°. 
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( a )  A = 20°. 

Figure 31.- Lateral-directional character is t ics  of configuration*with 
s la t ted . s t rake .  S f , t ,  = 140/280; T-tai l ;  it 5 Oo. 
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Figure  31.- Concluded. 
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(a) Tail off. 


Figure 32.- Lateral-directional characteristics for three 
tail arrangements, slatted strake, and 6f,te = 14O/280. 
A = 200. 
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Figure 32.- Continued. 
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,(c )  Low-tail . 
Figure  32.- Concluded. 
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Figure 33.- Lateral-directional characteristics for three 
tail arrangements, slatted strake, and 6f,t, = 300/500.
A = 200. 
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Figure 33.- Continued. 
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Figure 33.- Concluded. 
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Figure 34.- Lateral-directional stability derivatives for 
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6f,te = 1 4 O / 2 8 O .  
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